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(54) Output-enlarged piezoelectric clamp device 

(57) With reference to Fig. 2. elongation of a piezo- 
electric element is enlarged by the lever arms (3a. 3b) 
by the principles of the lever and fulcrum. The thus 
enlarged elongation is further enlarged by a beam (6) by 
the principle of buckling, dampers (9a, 9b) extending at 
an angle from an axis along which buckling of the beam 
(6) occurs open and close in accordance with the motion 
of the beam (6). When the clampers (9a, 9b) open or 
close, the elongation of the piezoelectric element (1) is 



further enlarged. Thus, the piezoelectric clamp device in 
accordance with the invention uses only one beam (6) in 
comparison with prior piezoelectric clamp devices using 
two beams. The use of only one beam (6) reduces a load 
to be exerted on the lever arms (3a, 3b) to thereby 
enlarge output elongation of the piezoelectric element 
(1 ). In addition, the pair of clampers (9a, 9b) have a func- 
tion of enlarging the elongation of the piezoelectric ele- 
ment (1). 
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Description 

BACKGROUNn OF THE INVENTION 
pyPLD OF THE INVENTION 

The invention relates to a piezoelectric clamp device provided with elongation enlarging mechanism by which elon- 
gation of a piezoelectric element is enlarged and an object is clamped between a pair of clampers utilizing the enlarged 
elongation d the piezoelectric element, and more particularly to a piezoelectric damp device provided writh elongation 
enlarging mechanism comprising a lever arm enlarging elongation of a piezoelectric element utilizing the principles of 
the lever and the fulcrum and a beam further enlarging the elongation enlarged by the lever arm utilizing the principle 
of budding. 

ppgnmPTiON OF thf rflated art 

A piezoelectric clamp device is a device in which elongation of a piezoelectric element generated by a voltage 
applied to the piezoelectric element is transmitted to a pair of clanrvpers for making the dampers open or dose to thereby 
clamp an object between the dampers. A piezoelectric damp device is divided into two groups: one belonging to a first 
group has a bimorph type piezoelectric element which is one of conposite elements, such as one suggested in Japanese 
Unexamined Patent Public Disdosure Na 1-321 170. and one belonging to a second group has a simple piezoelectric 
element such as a single plate type piezoelectric element and a laminated type piezoelectric element. The second type 
piezoelectric clamp device has an advantage of having a higher electrical and mechanical energy conversion efficiency 
than that of the first type piezoelectric damp device. 

However, the second type piezoelectric element has a demerit of smaller elongation than that of the first type pie- 
zoelectric element Accordingly, a piezoelectric damp device indudtng the second type piezoelectric element as a driver 
has to have elongation enlarging mechanism for enlarging elongation of a piezoelectric element generated when a 
voltage is applied to the piezoelectric element. Such a piezoelectric damp device having elongation erilarging mechanism 
has been suggested in Japanese Unexamined Patent Pubfic Disdosures Nos. 5-305574, 1-198037 and 2-68942. All of 
the piezoelectric damp devices suggested in the Disdosures include a lever anmfor enlarging elongation of a piezoe- 
lectric element utilizing the prindples of the lever and the fulcrum. In particular, the piezoelectric clamp device suggested 
in No. 5-305574 further indudes a beam lor further enlarging elongation of a piezoelectric element enlarged by the lever 
ami. utilizing the principle of buckling of a beam, in addition to a lever arm. Accordingly, the piezoelectric damp device 
suggested in No. 5-305574 has a greater elongation enlargement ratio measured from a piezoelectric element to a distal 
end of clampere than that of the piezoelectric damp devices suggested in the other two Disdosures. and hence provides 
greater opening and dosing stroke of dampers. 

Rg. 1 illustrates the piezoelectric clamp device suggested in Japanese Unexamined Patent Public Disdosure No. 
5-305574. In the illustrated piezoelectric clamp device, each of a pair of lever arms 3a and 3b is connected to a side of 
a substrate 5 through a first hinge 4a and 4b. Between one ends of the lever arms 3a and 3b is interposed a piezoelectric 
element 1 through second hinges 2a and 2b. Between the other ends of the lever arms 3a and 3b are Ixidged a pair of 
beams 16a and 16b. Each of the beams 16a and 16b is fixedly secured to the other ends of the lever amns 3a and 3b 
by means of rivets 7. Each of the beams 16a and 16b Is provided at a central portion thereof with a damper 19a and 
1 9b which extends perpendiculariy to and on a level with each of the beams 16a and 16b. respectively 

In operation, by applying a driver voltage to the piezoelectric element 1, the piezoelectric element 1 generates a 
strain or elongation in a direction indicated with an arrow XI . The thus generated elongation is transmitted to ends of 
the lever amis 3a and 3b through the second hinges 2a and 2b. and then enlarged by the prindples of the lever and the 
fulcrum. In this case, the first hinges 4a and 4b of the lever arms 3a and 3b work as fulcrums. The thus enlarged elongation 
is transmitted to other ends of the lever arms 3a and 3b. thereby the lover arms 3a and 3b being displaced in a direction 
indicated with an arrow X2. The displacement of the other ends of the lever arms 3a and 3b causes buckfing on the 
beams 16a and 16b to occur. Thus, the central portions of the beams 16a and 16b are displaced in a direction indicated 
with an an-ow X3, that is. the beanrts 16a and 16b are displaced so that they come close to each other. As a result, the 
dampers 19a and 19b horizontally secured to the central portions of the beams 16a and 16b, respectively, come to 
contact with each other, thereby the dampers 19a and 19b dosing. When application of a driver voltage to the piezoe- 
lectric element 1 1s ceased, the elongation of the piezoelectric element 1 is no longer generated. Hence, the beams 16a. 
16b and the lever arms 3a, 3b are displaced in a direction opposite to the diredions X3 and X2. respectively, thereby 
the damper 19a and 19b opening. 

As mentioned above, since the piezoelectric clamp device illustrated in Fig. 1 indudes the lever arm for enlarging 
elongation of the piezoelectric element, and further the beam for further enlarging the elongation enlarged by the lever 
ami utilizing the prindple of budding of a beam, the piezoelectric damp device can provide greater open and dose 
stroke to the dampers than that of the prtor piezoelectric clamp-devices having the lever arms only. According to the 
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Disclosure No. 5-305574, by using as the piezoelectric element 1 a layer-laminated type piezoelectric element providing 
7 Jim elongation and also using elongation enlargement mechanism comprising lever arms and beams and having an 
enlargement ratio of 27, It is possible to obtain displacement ot 190 nm in each of the clampers, and hence open and 
dose stroke of 3B0 ^m in the clampers. 

5 As mentioned earlier, the Disclosure No. 5-305574 provides a piezoelectric damp device which has a greater elec- 
trical and mechanical energy conversion effidency, has a greater danrp force between the clampers, and further has 
greater stability in open and close stroke and damp force than those of a piezoefeclric clamp device having a bimorph 
type piezoelectric element. In addition, the piezoelectric clamp device can have greater open and close stroke than that 
of the prior piezoelectric clamp devices having the iever arms only. 

10 However, in the piezoelectric damp device suggested in the Disdosure Na 5-305574, each of the dampers 19a 
and 1 9b extends horizontally from each of the beams 1 6a and 1 6b, respectively, that is, each of the dampers 1 9a and 
19b extends perpendicularly to a direction in which the beams 16a and 16b generates displacement thereof. Hence, 
the displacement of each of the dampers 19a and 19b is equal to the displacement of each of the beams 16a and 16b 
Thus, the open and dose stroke of the clampers is determined only by an enlargement ratio of the elongation enlargement 

IS mechanism. In order to obtain greater open and close stroke of the dampers, it is necessary to use a piezoelectric 
element providing longer elongation, apply a greater voltage to a piezoelectric element, or increase an enlargement 
ratio of the lever arms. However, these may deteriorate reliability and portability of a damp device. In addition, the 
piezoelectric clamp device illustrated in Rg. 1 needs the two beams 16a and 16b for enlarging the output displacement 
of the lever arms 3a and 3b. Hence, the piezoelectric clamp device cannot avoid from being complicated in structure, 

20 and in addition, since a load against elongation enlargement action of the lever arms is large, an elongation enlargement 
ratio provided by the lever arms has to be deteriorated. 

SUMMARY OF THE INVENTION 

25 It is an object of the present invention to provide a piezoelectric danp device which increases an elongation enlarge- 
ment ratk) and thereby provides a greater open and dose stroke of danrpers than that of the prior piezoelectric damp 
devices. 

The invention provides a piezoelectric clamp device comprising (a) a piezoelectric element to be elongated in a 
direction in accordance with a voltage applied thereto, (b) arms for enlarging elongation of the piezoelectric element by 

30 the principles of the lever and futerum, (c) beams for further enlarging the elongation of the piezoelectric elemerit enlarged 
by the arms, by the principle of buckling, and (d) a pair of dampers attached to the beams in tadng relation for opening 
and dosing in accordance with motion of the beams, the piezoelectric damper characterized by (A) a single beam in 
place of the beams to reduce a load to be exerted on the arms when the arms displace due to the elongation of the 
piezoelectric element, and (B) the darrpers extending at an angle from an axis along which buckling of the beam occurs. 

35 the clampers further enlarging the elongation of the piezoelectric element. 

The invention further provides a piezoelectric clamp device comprising (a) a substrate having Ngh rigidity and at 
least two sides facing to each other, (b) a pair of lever arms each of which is connected to the side of the substrate 
through a hinge which partitions the lever arms into a longer portion and a shorter portion, (c) a piezoelectric element 
connected at opposite ends thereof to the shorter portions of the lever arms through a hinge, (d) beams fixedly connected 

40 at opposite ends thereof to the longer portions of the lever arms, and (e) a pair of dampers attached to the beams in 
facing relation for opening and dosing in accordance with motion of the beams, the piezoelectric damper characterized 
by (A) a single beam, substituted for the beams, to reduce a load to be exerted on the arms when the arms displace 
due to the elongation of the piezoelectric element, the beam extending in a direction A in which the longer portions of 
the lever arms displace, and (6) the dampers extending at an angle from an axis along which buckling of the beam 

45 occurs, the dampers being attached to the beam so that the dampers open and dose in said direction A. the damps 
further enlarging the eksngation of the piezoelectric element 

The beam is preferably bent in a direction B in which buckling of the beam occurs. When the beam is designed to 
be bend in the direction B, the beam is composed of a strip comprising a flat zone disposed at the center thereof and 
in parallel with the direction A and inclined zones disposed at opposite sMes of the flat zone. Each of the dampers is to 

so be attached to each of the indined zones. 

Herein, the angle whteh each of the dampers forms between itself and an axis atong wliich budding of the beam 
occurs is defined as an angle formed between the beam and an outer surface of the clampers. If the clampers are 
designed to extend In the direction B, the angle Is detennlned to be greater than 90 degrees, while If the darrpers are 
designed to extend in a direction opposite to the direction B, the angle is determined to be smaller than 90 degrees. 

ss As having been described, the invention reduces the number of a beam to one (1) in a piezoelectric clamp device • 
including lever arms for enlarging elongation of a piezoelectric element by the prindples of the lever and fulcrum, beams 
for enlarging output displacement of the lever arms by the principle of bucWing, and a pair of dampers which are secured 
to th beams and open and close in accordance wrth motion of the beams. The use of a single beam reduces a load to 
be exerted on the lever arnns to thereby increase elongattoriof a piezoelectric element. Furthermore, by disposing the 
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clampers so that the dampers extend at an angle from an axis along which budding of the beam occurs, and open and 
close in a direction in which budding of the beam occurs, the output displacement of the lesser arms can be enlarged, 
and hence the open or dose stroke of the dampers can be enlarged. 

The open and dose stroke of the clampers is adjusted as desired by appropriately determining a length of the 
clampers and an angle at which the dampers are attached to the beam. In addition, since a single beam is to be used, 
the structure of the piezoelectric damp device can be made simple. The use of a lamination type piezoeledric element 
ensures a down-scaled damp device providing greater elongation than that of other type piezoelectric elements. 

The above and other objects and advantageous features of the present invention will be made apparent from the 
following description made with reference to the accompanying drawings, in which like reference charaders designate 
the same or similar parts throughout the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a perspedive view illustrating a conventional piezoelectric damp device having elongation enlargement 
mechanism. 

Rg. 2 is a perspective view illustrating a piezoelectric damp device in accordance wKh the first embodiment of the 
present invention. 

Rg. 3 illustrates how the beam and the clampers displace of the first embodiment when a driver voltage is applied 
thereto (broken fine) and when no driver voftage is applied thereto (solid line}. 
Rg. 4 illustrates a variation of the first embodiment illustrated in Fig. 2. 

Rg. 5 is a perspedive view illustrating a piezoelectric damp device in accordance with the second embodiment of 
the present invention. 

Rg. 6 illustrates how the beam and the clampers displace of the second enrtbodiment when a driver voltage is applied 
thereto (broken line) and when no driver voltage is applied thereto (solid line}. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments in accordance with the present invention will be explained hereinbelow with reference to 
drawings. 

Rg. 2 illustrates a piezoelectric clamp device in accordance with the first embodiment of the present invention. A 
piezoelectric element 1 , which generates elongation in accordance with a voltage applied thereto, is attached to thin T- 
shaped first Nnges 2a and 2b at their flat surfaces through an adhesive such as epoxy resin. The first hinges 2a and 2b 
are connected to lever arms 3a and 3b. The first hinges 2a and 2b transmit elongation of the piezoelectric element 1 to 
the lever arms 3a and 3b. The lever arms 3a and 3b have thin second hinges 4a and 4b, respectively. The second hinges 
4a and 4b are connected to a substrate 5 at Its opposite sides. Each of the second hinges 4a arxi 4b partitions each of 
the lever arms 3a and 3b into a longer portion 3c and a shorter portion 3d. The above mentioned first hinges 2a and 2b 
are connected to the shorter portions 3d of the lever arms 3a and 3t>. The second hinges 4a and 4b serve as fulcrums 
when the lever arms 3a and 3b work to transmit the elongation of the piezoelectric element 1 to a later mentioned beam 
6. When the lever arms 3a and 3b transmit the elongation of the piezoeledric element 1 to the beam 6, the longer 
portions 3c of the lever arms 3a and 3b displaces in a direction indicated with an an'ow A in Fig. 2. Namely, the lever 
amis 3a and 3b displaces so that they come close to each other. The first hinges 2a and 2b, the second hinges 4a and 
4b, the lever arms 3a and 3b and the substrate 5 are integrally formed of high rigidity material such as SUS 304 and 42 
Ni-Fe alloy. 

Between ends of the longer portions 3c of the lever arms 3a and 3b is bridged a beam 6. The beam 6 is made of 
metal having resiliency such as phosphor bronze, and is formed by press-punching and bending. The beam 6 is fixed 
to the lever arms 3a and 3b through rivets 7. 

The beam 6 is configured to tDe bent in a diredion indicated with an arrow B in which buckling of the beam 6 occurs. 
Specifically, the beam 6 is composed of a strip which comprises a flat portion 6a disposed at the center thereof and in 
parallel with the direction A, and inclined portions 6b disposed at opposite sides of the flat portion 6a. 

On the indined portions 6b of the beam 6 are secured a pair of nearly L-shaped dampers 9a and 9b in fadng 
relation. Each of the dampers 9a and 9b consists of a shorter portion 9c and a longer portion 9d. The dampers 9a and 
9b are fixed to the inclined portions 6b of the beam 6 by an adhesive or welding. The longer portions 9d of the clampers 
9a and 9b extend from the beam 6 in a direction almost the same as the direction B. The longer portions 9d forms an 
angle a with the shorter portions 9c and henoe the beam 6 (see Rg. 3). In the illustrated eni>odiment the angle a is 
determined to be greater than 90 degrees. Thus, as illustrated in Rg. 2. the dampers 9a and 9b comes to contact with 
each other at distal ends thereof. 

In operation, a driver voltage is first applied to the piezoeledric element 1 to generate elongation in a direction 
indicated with an arrow XL The elongation is transmitted to the lever arms 3a and 3b through the first hinges 2a and 
2b. The iever arms 3a and 3b enlarges the thus transmitted elongation based on the prindples of the lever and fulcrum 
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wherein ttie second hinges 4a ard 4b works as fulcrums. The thus enlarged elongation is output from the disfel ends 
of the longer portions 3c of the lever arms 3a and 3b as swing displacement of the lever anrts 3a and 3b, and is transmitted 
to the beam 6. The swing displacement of the lever anms 3a and 3b exerts compressive load longitudinally on the beam 
6 through the opposite ends of the beam 6. As a result, the bucWing of the beam 6 occurs in the direction B. Thus, the 
displacement of the distal ends of the longer portions 3c of the lever arms 3a and 3b is enlarged based on the principle 
of bucWing of a beam, and transformed to displacement of the flat portion 6a of the beam 6 in the direction B. 

As the beam 6 displaces in the direction B. distal ends of the clampers 9a and 9b fixed at the inclined portions 6b 
of the beam 6 displace in a direction indicated with an an-ow C. Namely, the clanfipers 9a and 9b displace so that they 
part away from each other, or they open. Herein, the displacement of the clampers 9a and 9b corresponds to enlarged 
displacement of the flat portion 6a of the beam 6 in the direction B. 

ng. 3 illustrate motion of the beam 6 and the clampers 9a and 9b as viewed from the top. As illustrated with a solid 
line, the beam 6 and the clampers 9a, 9b do not generate any displacement when no driver voltage is applied to the 
piezoelectric element 1 . On the other hand, as illustrated with a broken line, the beam 6 is displaced due to the bucWing 
and accordingly the clampers 9a and 9b open when a driver voltage is applied to the piezoelectric element 1 . When a 
driver voltage is applied to the piezoelectric element 1 . the beam 6 is longitudinally compressed at opposite ends thereof 
in the direction A, and thus the flat portion 6a of the beam 6 is displaced in the direction B with a length thereof remaining 
unchanged. Herein, angles and lengths are defined as follows. 

L^: a length of the Inclined portions 6b of the beam 6 

2Lh: a length of the flat portion 6a of the beam 6 

Po: an angle formed between the inclined portions 6b of the beam 6 and an X axis when no driver voltage is 
applied to the piezoelectric element 1 

L^: a length of the longer portiorSs 9d of the dampers 9a and 9b 

a: an angle formed between the longer portion 9d and the shorter portion 9c of the beam 6 
p: an angle formed between the inclined portions 6b of the beam 6 and an X axis when a driver voltage is applied 
to the piezoelectric element 1 

Dy: a displacement of the flat portion 6a of the beam 6 in the direction B 

Dx: a displacement of each of the distal ends of the longer portions 9d of the clampers 9a and 9b in the X axis 
direction 

Thus, a ratio of the displacement Dy of the beam 6 to the displacement Dx of the clamper 9a or 9b, namely, an 
enlargement ratio n of the clampers 9a and 9b Is calculated by the following equation. 

♦ 

n «D x/D V [(cos P-cos p o){cos a)/(sin p-sin p q) + sin a] L yi^/L ^ (A) 

In this equation, the angles p and po are greater than 0 degrees but smaller than 90 degrees, namely, 0» g Po < p <90'. 
Thus, the following equations are established. 

cos p < cos p Q. namely, cos p - cos p q < 0, and 

sin p > sin p namely, sin p - sin p ^ > 0 

On the other hand, the angle a is greater than 90 degrees {90''< a). Hence, now provided that the angle a is 
smaller than 180* ( a<180') and accordingly 90'< okISO*. the following relations are established. 

cos a <0. sin a >0 

Accordingly, the right side of the equation (A) is always positive, and hence the displacement Dx of the clampers 
9a and 9b can be made greater tfian the displacement Dy of the beam 6 by appropriately designing the angel a and the 
lengths La and !<. In other words, the displacement Dy of the beam 6 can be further amplified by appropriately deter- 
mining the dimensions of the clampers 9a and 9b. 

As a driver voltage applied to the piezoelectric element 1 is bwered, the elongation of the piezoelectric element 1 
is gradually decreased. Hence, the lever arms 3a, 3b and the beam 6 are displaced in a direction opposite to the above 
mentioned direction, resulting in that the clampers 9a and 9b are displaced so that they are closed. In accordance with 
the above mentioned motion of the clampers 9a and 9b, it is possble to clamp an object with the clampers 9a and 9b 
by applying a driver voltage to the piezoelectric element 1 to thereby open the dampers 9a and 9b. placing an object 
between the clampers 9a and 9b, and then bwering a driver voltage applied to the piezoelectric element 1. 

In the embodiment a layer-laminated type piezoelectric eiemertt was used as the piezoelectric element 1. The 
dimensions of the beam 6 was determined as follows. 
7.54 nvn 
2Lh: 2.00 mm 
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Under this specification, a driver voltage was applied to the piezoelectric element 1 to thereby obtain the elongation of 
1 1 ^m. The displacement Oy of the beam 6 was 0.30 mm. An enlargement ratio measured from the piezo lectric element 
1 to the flat portion 6a of the beam 6 was 27. The angle p formed between the inclined portions 6b of the beam 6 and 

5 the X axis was B"" 23* 9". When the length of the longer portions 9d of the clanpers 9a and 9b was an^nged to be 
1 5.0 mm, and the angle a formed between the longer portion 9d and the shorter portion 9c of the clampers 9a and 9b 
was arranged to be 99^ 54* 40", there was obtained the displacement Dx of each of the distal ends of the clampers 9a 
and 9b. 0.60 mm. Thus, the enlargement ratio n obtained by the ciampens 9a and 9b was calculated to be 
2.0 (n « D x/D Y » 0.60/0.30 « 2.0) . 

10 When the length was arranged to be 30 mm, and the angle a was arranged to be 97* 59' 56", there were obtained 
the enlargement ratio n of 4.0, and the displacement Dx of 1.20 mm. 

There was conducted an experiment in which the same piezoelectric element and lever arms as those of the embod- 
iment were provided with the prior clamp device illustrated in Rg. 1 , and the same driver voltage as that of the embodiment 
was applied to the piezoelectric element. The elongation of the piezoelectric element was 7 ^m, and the displacement 

75 Dx of each of the distal ends of the clampers 9a and 9b was 0.19 mm. This experimental results show that in the 
embodiment, the clampers 9a and 9b has a displacement-enlarged function with respect to the beam 6. and in addition, 
the elongation of the piezoelectric element 1 is enlarged. In the embodiment, since a only single beam is used, a load 
against the displacement-enlarged action of the lever amis 3a and 3b. namely a compressive force relative to the elon- 
gation of the piezoelectric element 1 is reduced to a half in comparison with a conventional piezoelectric clamp device. 

20 The increase of the elongation of the piezoelectric element 1 can be obtained due to the reduced load as above men- 
tioned. 

As having been descrtoed, the embodiment accomplishes a piezoelectric clamp device having three to six times 
greater open and close stroke of the clampers than that of a prior piezoelectric clamp device. By lengthen the lengths 
of the clampers 9a and 9b, there can be accomplished a piezoelectric clamp device having further greater open and 

25 close stroke of dampers. Since a voltage to be applied to the piezoelectric element 1 is in general in proportion to the 
elongation of the piezoelectric element 1 , the displacement Dx of the distal ends of the clampers 9a and 9b and a clamp 
force with which an object is to be clamped can be adjusted to minute degree by controlling a voltage to be applied to 
the piezoelectric element 1 . The piezoelectric damp device may be attached to a robot hand, for instance, and used as 
a manipulator. The piezoelectric damp device can be used for operation in which minute objects are to be dealt with in 

30 an evil environment such as Ngh temperature, and irritating and hazardous gas. 

Fig. 4 illustrates a variation of the above mentioned embodiment. In the embodiment illustrated in Rgs. 2 and 3, the 
beam 6 extend in the same plane as that of a front surface 3e of the lever arms 3a and 3b, and as a result the longer 
portions gd of the clampers 9a and 9b extend horizontally. However, the beam 6 may. extend so that the longer portions 
9d of the dampers 9a and 9b extend upwardly or downwardly. Rg. 4 illustrates the piezoelectric damp device having 

35 the beam 6 extend in the same plane as that of a top surface 3f of the lever arms 3a and 3b, and as a result the longer 
portions 9d of the dampers 9a and 9b extend upwardly. The piezoelectric clamp device illustrated in Rg. 4 has the same 
performance as that of the device illustrated in Fig. 2. 

The beam 6 may be secured to the lever arms 3a and 3b so that the longer portions 9d of the dampers 9a and 9b 
extend Inwardly of the piezoelectric clamp device, If the lever arms 3a and 3b are long enough to avoid Interference of 

40 the longer portions 9d of the clampers 9a and 9b with the substrate 5. 

Rgs. 5 and 6 illustrate a piezoelectric clamp device in accordance with the second embodiment of the present 
invention. The piezoelectric damp device in accordance with the second erhbodiment is different from the first embod- 
iment in the strudure of the beam 6 and the dampers 9. 

In the second embodiment, the beam 6 is configured to be bent In a direction opposite to a direction Indicated with 

45 an arrow B in which buckling of the beam 6 occurs. The clampers 9a and 9b are secured to the indined portions 6b of 
the beam so that the clampers 9a and 9b extend in the direction B similariy to the first embodiment. However, the angle 
a formed between the longer portions 9d and the shorter portions 9c and hence the beam 6 is determined to be smaller 
than 90 degrees unlike the first embodiment. Thus, as illustrated in Rg. 5, the clampers 9a and 9b are spaced away 
with each other at distal ends thereof. 

so Rg. 6 illustrate motion of the beam 6 and the dampers 9a and 9b as viewed from the top. As illustrated with a solid 
line, the beam 6 and the dampers 9a, 9b do not generate any displacement when no driver voltage Is applied to the 
piezoelectric element 1 . On the other hand, as illustrated with a broken line, the beam 6 is displaced due to ^e buckling 
thereof and accordingly the dampers 9a and 9b dose when a driver voltage is applied to the piezoelectric element 1. 
When a driver vdtage is applied to the piezoeledric element 1. the beam 6 is longitudinally compressed at opposite 

55 ends thereof in the direction A, and thus the flat portion 6a of the beam 6 is displaced in the direction B with a length 
thereof remaining unchanged. 

In the second embodiment, the enlargement ratio obtained by the dampers 9a and 9b is determined in accordance 
with the equation (A). 
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n = D x/D Y = [(cos p-cos p o)(cos a)/(sin p-sin p q) + sin aj L ^/L l (A) 

As a driver voltage applied to the piezoelectric element 1 is lowered, the elongation of the piezoelectric element 
1 is gradually decreased. Hence, the lever arms 3a. 3b and the beam 6 are displaced in a direction opposite to the above 
5 mentioned direction, resulting In that the clampers 9a arxl 9b are displaced so that they are open. In accordance with 
the above mentioned motion of the clampers 9a and 9b. it is possible to release an object which was clamped with the 
clampers 9a and 9b by applying a driver voltage to the piezoelectric element 1 to thereby damp an object between the 
clampers 9a and 9b, and then lowering a driver voltage applied to the piezoelectric element 1. 

Thus, the piezoelectric damp device in accordance with the second embodiment provides just the opposite motion 
10 to that of the first embodiment. Thus, the piezoelectric damp device in accordance with the first or second embodiment 
may be used in accordance with necessity. 

Claims 

75 1. A piezoelectric clamp device comprising a piezoelectric element (1) to be elongated in a diredion in accordance 
with a voltage applied thereto, arms (3a. 3b) for enlarging elongation of the piezoeledric element (1) by the principles 
of the lever and fulcrum, beams for further enlarging the elongation of the piezoelectric element (1) enlarged by the 
arms (3a. 3b). by the principle of buckling, and a pair of clampers (ga, 9b) attached to the beams in facing relation 
for opening and closing in accordance with motion of the beams, the piezoelectric damper characterized by: 

20 a single beam (6) in place of the beams to reduce a load to be exerted on the arms (3a. 3b) v4ien the arms 

(3a, 3b) displace due to the elongation of the piezoelectric element (1); and 

the dampers (9a, 9b) extending at an angle (a) from an axis along which budding of the beam (6) occurs, 
the dampers (9a, 9b) further enlarging the elongation of the piezoelectric element (1). 

25 2. The piezoelectric clamp device as recited in daim 1 , wherein the beam (6) is bent in a direction B in which knuckling 
of the beam (6) occurs. 

3. The piezoelectric damp device as recited in daim 2, wherein the beam (6) is composed of a strip comprising a flat 
zone (6a) disposed at the center thereof and in parallel with the direction A and inclined zones (&b) disposed at 

so opposite sides of the flat zone (6a), and wherein each of the clampers (9a, 9b). is attached to each of the inclined 
zones (6b). 

4. The piezoeledric damp device as recited in claim 3. wherein the angle (a) is than greater 90 degrees when the 
clampers (9a. 9b) extend in the direction B, while smaller than 90 degrees when the clampers (9a. 9b) extend in a 

3S direction opposite to the direction B. the angle (a) being defined as an angle between the beam (6) and one of outer 
surfaces of the dampers (9a. 9b). 

5. A piezoelectric dcunp device comprising: a substrate (5) having high rigidity and at least two sides facing to each 
other; a pair of lever arms (3a. 3b) each of which is connected to the side of the substrate (5) through a hinge (4a, 

40 4b) which partitions the lever arms (3a, 3b) Into a longer portion (3c) and a shorter portion (3d); a piezoelectric 

element (1) connected at opposite ends thereof to the shorter portions (3c) of the lever arms (3a. 3b) through a 

hinge (2a. 2b); beams fixedly connected at opposite ends thereof to the longer portions (3c) of the lever arms (3a. 

3b); and a pair of clampers (9a. 9b) attached to the beams in fadng relation for opening and dosing in accordance 

with motion of the beams, the piezoelectric damper characterized by: 
45 a single beam (6). substituted for the beams, to reduce a load to be exerted on the arms (3a. 3b) when the 

arms (3a, 3b) displace due to the elongation of the piezoelectric element (1). the beam extending in a diredion A 

in which the longer portions (3c) of the lever arms (3a, 3b) displace; and 

the clampers (9a. 9b) extending at an angle (a) from an axis along which budding of the beam (6) occurs, . 

the dampers being attached to the beam (6) so that the clampers open and close in said direction A, the clamps 
50 (9a. 9b) further enlargir^ the elongation of the piezoelectric element (1). 

6. The piezoelectric clamp device as recited in daim 5, wherein the beam (6) is bent in a direction B in which budding 
of the beam (6) occurs. 

55 7. The piezoelectric clamp device as recited in claim 6. wherein the beam (6) is composed of a strip comprising a flat 
zone (6a) disposed at the center thereof and in parallel with the direction A and inclined zones (6b) disposed at 
opposite sides of the flat zone (6a). and wherein each of the clampers (9a. 9b) is attached to each of the indined 
zones (6b). 
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8. The piezoelectric ciamp device as recited in claim 7, wherein the angle (a) is than greater 90 degrees when the 
clampers (9a, 9b) extend in the direction B, while smaller than 90 degrees when the clampers (9a, 9b) extend in a 
direction opposite to the direction B, the angle (a) being defined as an angle between the beam (6) and one of outer 
surfaces of the clampers (9a. 9b). 
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